Abstract Monitoring software quality is a non-trivial task, since it requires the selection of: (a) quality attributes, based on application domain and development phase, and (b) appropriate metrics to quantify them. We aim to aid this process by reviewing the state-of-research on design-time qualities and metrics.
I. OVERVIEW
Software quality is an ambiguous term since it can be perceived from different viewpoints, based on the involved stakeholder: (a) product quality, (b) product value, and (c) quality in-use. Assuring the levels of quality for a specific project requires answering the following questions (bubbles) that are affected by various parameters (rectangles): The paper 1 assists software engineers to make such decisions, by reviewing the literature (investigating 154 papers), and focusing on design-time quality attributes (QAs) and software metrics for quantifying them. The paper aims at aiding practitioners in applying a quality assurance process: First, based on the application domain and the development phase that they are interested (e.g., generic and maintenance, respectively), they can identify the QAs that are more frequently studied (e.g., Maintainability, Stability, and Changeability see Fig. 2 ).
Application Domain QAs
Usability X X X X X Modularity X X Fig. 2 . Most Studied QA per application domain & development phase 1 The full version of this work was published as journal article [1] .
Second, based on the selected QAs, they can exploit the results of this paper to proceed in their metric selection process (see Fig. 3 ). Additionally, they can narrow down the vast list of metrics by focusing on those that are validated at the highest possible level of evidence: Lines of Code (LoC) and Weighted Methods per Class (WMC) can be used for assessing maintainability and stability with level of evidence 4 and 3, respectively. Concerning changeability, the team is prompted to use Change Size (CS), with a level of evidence 3. We need to note that if a quality assessment team is willing to trade-off the low number of selected metrics with a higher level of evidence, the selection would be different. Finally, to automate the process of metrics collection, they can explore the list of tools that can be used for their quantification. The main implications of our results to the research community can be summarized as follows:
Some application domains are more focused on specific QAs (e.g., business applications on functionality). Research on some development phases (e.g., architecture) lack phase-specific metrics.
Researchers should validate metrics both mathematically and empirically. Researchers should thoroughly investigate the relationship between metrics and quality attributes. Some QAs that lack quantification (e.g., change proneness, modularity, maintainability, and stability).
